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Introduction

Chronic respiratory diseases are a
serious public health problem in

all countries throughout the world.
They account for four million deaths
annually.’ An estimated 65 million
people have moderate to severe
chronic obstructive pulmonary disease
(COPD), from which about 3 million
die each year, making it the third
leading cause of death worldwide
and this number is growing.?
Chronic obstructive pulmonary
disease accounts for 6% of all deaths
worldwide each year.” About 334
million people suffer from asthma,
the most common chronic childhood
disease, affecting 14% of children
globally.

Air pollution adversely affects

the respiratory health of young
populations due to the rapid lung
development that occurs in this
period.“® Environmental pollution
results in the increase of chronic
cough, rhinitis and infectious
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bronchitis.”® In children the most
common chronic disease is asthma
and this is significantly impacted by a
number of environmental exposures.’
Research findings show that children
living in rural areas are at a higher
risk of airborne pesticide exposure
and there are possible links between
respiratory and allergic symptoms and
this type of exposure.?
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Pesticides have a unique place in the
chemical pollution of the environment,
as they are purposefully introduced
into the environment and present

a risk of negative impacts on both
rural and general populations by
increasing the prevalence of different
diseases.”” Exposure to pesticides and
different chemicals is an environmental
determinant of lung cancer.” Heavy
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metals and solvents along with
pesticides have been associated with
increasing rates of both asthma

and allergies.”™ Pesticides and, in
particular, organochlorine pesticides
(OCPs) are potentially hazardous to
human health, due to their ability

to have delayed effects at very low
concentrations.

In recent decades, some OCPs have
been classified as endocrine disrupting
chemicals (EDCs).**** They have

the ability to affect male and female
reproductive function, endocrine
function, the immune system, and
increase susceptibility to various
infections.”*° In addition to pesticide
exposure that might adversely affected
lung function, many factors such as
genetic, physiological status, as well

as various environmental factors may
also contribute to the development of
respiratory symptoms, diseases, and
deterioration of health.”

Persistent organic pollutants (POPs)
are highly resistant to natural
degradation processes. They are able
to bioaccumulate and biomagnify,
adversely affecting human health,
and are a cause of immune system
disorders, in particular increasing
sensitivity to infections.”»*

Sunyer et al. (2010) reported that
dichlorodiphenyldichloroethylene
(DDE) and other organochlorines
suppress immunity biomarkers

in animals and humans.” This
immunologic suppression effect
could explain the association
observed between DDE and lower
respiratory tract infection (LRTT).
As LRTISs cause substantial morbidity
in infancy, LRTT and wheeze are
possible risk factors for subsequent
childhood asthma.** Disruption
of the development of immune and
respiratory systems by early-life
exposure to POPs could result in
reduced capacity to fight infections
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Abbreviations

AATC Average annual total
concentration

ACh Average chronological
indicators

EDC Endocrine disrupting
chemicals
USSR Union of Soviet Socialist
Republics

and increased risk of developing
allergic manifestations later in life.***

Reduction of the risk of exposure to
POPs is a very complicated task that
requires common efforts from the
worldwide community. This approach
served as a basis for signing the
“Convention on Persistent Organic
Pollutants” (Stockholm Convention)
to which the Republic of Armenia
has been a party since 2003.*
Under the Convention provisions,
the “National Implementation Plan
for the Stockholm Convention on
Persistent Organic Pollutants in

the Republic of Armenia for 2016-
2020” was developed and approved
by the Governmental Decree of the
Republic of Armenia. The National
Implementation Plan includes a
number of research studies which
aim to monitor the levels of OCPs
in the environment, their effects

on humans, and aim to assess the
risk to population health and the
environment.*>*?

Currently research aimed at the study
of environmental health, pollution
levels, especially by POPs/OCPs, and
possible relationships between effects
of various environmental factors and
human health forms the scientific
platform for primary prevention of
environmental balance disturbances.
In addition, it serves as a basis for
the assessment of environmental risk
factors for human health.3°32

Issues regarding the association
between human health and
environmental status are of high
concern for Armenia as well. The
Republic of Armenia is a mountainous
country with limited resources of
arable land. The country is located

in the South Caucasus region and is
bordered by Georgia to the north,
Azerbaijan to the east, Iran to the
south, and Turkey to the west and
southwest. Armenia is characterized
by a mountainous continental
climate, which is very dry. The
capital of Armenia is Yerevan. The
permanent population was 2 959 700
in the beginning of 2020, 63.9% and
36.1% of which is urban and rural,
respectively.®

Like all of the Republics of the former
Union of Soviet Socialist Republics
(USSR), OCPs were widely used in
Armenia until 1986. The reason for
such a large-scale application of OCPs
was conditioned by the universal,
multipurpose character of these
compounds. Armenia has long had a
well-developed agricultural economy.
Until the 1980s, the republic practiced
intense pesticide application. Total
area load of pesticides averaged
9.0-35.5 kg per hectare. This value
exceeded average levels of pesticide
application in different regions of

the former USSR.3* Agriculture
remains one of the main sectors of the
economy. Total agricultural lands are
comprised by 2 044.2 thousand ha, of
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which 21.8% are mainly under grains
and leguminous plants, potatoes and
vegetables.?> In Armenia the load of
OCPs per one hectare of arable lands
was 8.4 kg and the load per capita

was 1.72 kg. In the districts of the
Ararat Valley, the load of OCPs per
one hectare of arable lands was 21.1

kg and 5.3 kg, respectively. Studies
conducted in different regions of

the former USSR on OCPs levels in
various environmental media served as
the basis for banning the application of
extremely hazardous OCPs in 1970 by
the Order of Minister of Health of the
former USSR.*

Statistical data show that non-
communicable diseases, including
chronic respiratory diseases such

as COPD and bronchial asthma

are the public health diseases of
national importance in Armenia. In
2018, mortality rates from chronic
diseases of the lower respiratory tract
accounted for 2.38% of the 93% of
total deaths reported to be caused

by non-communicable diseases in
Armenia.*® Stable negative dynamics
of deaths from respiratory diseases
were registered in 2013-2016 and, in
particular, 1645 deaths were registered
in 2013, of which 990 (60.2%) were
deaths from chronic lower respiratory
diseases. In 2016 the number of deaths
was 2148, of which 1121 (52.2%) were
attributed to chronic diseases of the
lower respiratory tract, and in 2017 the
number of deaths was 1644, of which
648 (39.4%) were attributed to chronic
diseases of the lower respiratory
tract.>®

Mortality rates from respiratory
diseases rank third in total mortality
structure and has generally increased
from year to year in proportion. Thus,
in 2013 respiratory diseases accounted
for 5.9% of mortality, 6.7% in 2014,
7.6% in 2016, and 6% in 2017. From
2013-2018 the incidence of COPD
and bronchial asthma increased

as well. In 2013, 20 530 cases were
registered among the adult population,
and in 2016 there were 23 570 cases,
an increase of about 15%, while for
the same period the number of sick
persons diagnosed for the first time
increased by about 32%.3°

To our knowledge, the present study is
one of the few to analyze the possible
link between environmental exposure
to OCPs and respiratory diseases

and asthma, particularly in Armenia.
The current study investigated levels
of OCPs in soil and plant products

in Lori and Gegharkunik marzes/
provinces of the Republic of Armenia,
which differ both economically and
by population structure, and analyzed
possible links with respiratory diseases
and asthma through comparative
analysis.

Methods

The study was implemented in

three areas of Lori province: Spitak,
Stepanavan, and Tashir and likewise
in Gegharkunik province in Sevan,
Gavar, Martuni, and Vardenis (Figure
1). The total population number

did not differ significantly across
provinces, with populations of 213 300
and 227 700 in Lori and Gegharkunik,
respectively. These two provinces
were selected due to their different
economic development characteristics.
Industry in Lori marz is primarily
mining and manufacturing, making
up 4.2% of the total Armenian
economy. Likewise, in Lori marz, the
agricultural sector comprises 8.2% of
the total economy of Armenia. Lori
marz is a more urbanized region with
a population that is 59.1% urban (126
100 persons) and 40.9% rural (87 200
persons).?’

Gegharkunik marz is a mainly
agricultural region with a population
that is 70.8% rural (161 100 persons)
and 29.2% urban (66 600 persons).
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The local economy is primarily
agricultural, particularly production
of grain, potato, vegetable and animal
husbandry products, representing
13.2% of the Armenian economy,
while the industrial sector represents
only 3.3% of the total economy.*”

The provinces in the present study
have different characteristics, both
in terms of the structure of the
economy and the proportion of
rural population. Gegharkunik marz
is characterized by a larger rural
population (almost two-fold higher)
and a high share of agriculture (1.6
times) in the overall economy than
Lori marz.>”

Morbidity data on respiratory disease
and asthma from 2005-2015 in Lori
and Gegharkunik were derived from
reports of primary health care facilities
submitted to the Ministry of Health of
the Republic of Armenia. Prevalence
rates (per 100000 population) have
been calculated according to the
International Classification of Disease,
10™ Revision (ICD-10) for respiratory
disease (ICD J00-J99) and asthma
cases (ICD J45-]46) registered between
2005 and 2015.3* We used ICD 10

and not ICD 11 because ICD 10 is
available in the Armenian language.
Asthma prevalence rates were
analyzed separately, because asthma

is considered to be an environmental-
related disease. The aforementioned
rates served as additional criteria

in the assessment of the effect of
possible exposure to environmental
contamination by agrochemicals on
respiratory disease prevalence. To
obtain a dynamic pattern of disease
prevalence, the average chronological
indicators (ACh) were calculated for
total respiratory disease and asthma.
Average chronological indicator is the
average value calculated from time-
varying values applied to analyze the
dynamic series of prevalence rates

of respiratory diseases over 10 years
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(2005-2015) in the following periods:
2005-2009 and 2010-2015. The
calculation was done for each five-
year period separately for each area
studied.®

Sampling sites

The study team identified five to six
monitoring points in each province.
Sampling the arable layer of cultivated
areas was performed based on the
agricultural work periods of spring
(April-May), summer (June-July), and
fall (September-October). Soil samples
were collected from a depth of 0-25 cm
by shovel which was washed by water
after each sampling.

The envelope or cross-diagonal
method was used for sampling in the
present study. For each agricultural
plot under study, at least one test site
of at least 10 x 10 m was identified.
Soil samples of 0.5 kg were taken from
each corner and center (spot samples)
of the test site (similar to an envelope).
The spot samples were mixed to make
a combined sample weighing at least
1.0 kg and placed in a plastic resealable
bag numbered with the sampling
point.** In the study areas, five or six
samples of soil were taken in each
season. The number of samples varied
depending on the sown areas under
agricultural crops. Nine to 12 vegetable
(potato, cabbage, carrot, beat,

grain) and fruit (apple, pear, peach)
samples were collected from the same
cultivated field in each study area.

Analysis

Concentrations of OCPs in soil

and plant products sampled from
2013-2018 in the studied areas were
analyzed by gas chromatography
with electron-capture detection
(Perkin-Elmer F-17, Great Britain)
at the laboratory of Environmental
Hygiene and Toxicology of Yerevan
State Medical University. In Lori
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province, samples of soil and
agricultural products were collected
during the three agricultural seasons
from 2013-2015 and in Gegharkunik
sampling was done from 2016-

2018. The following analytes were
determined: y-hexachlorocyclohexane
(y-HCH)), dichloro-diphenyl-
trichloroethane (4,4'-DDT),
dichlorodiphenyldichloroethylene
(4,4-DDE) and dichloro-diphenyl-
dichloroethane (4,4'-DDD) and

the sensitivity of the method was
0.002-0.04 pg/kg.” The average annual
total concentration (AATC) of OCPs
(y-HCH + 4,4-DDT + 4,4'-DDE +
4,4'-DDD) was calculated from the
total sum of OCPs detected during the
year across the three study seasons for
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Figure 1 — Map of the Republic of Armenia: provinces (marzes)

soil and plant products, separately.

The results were expressed as mean
+ SE. Data obtained on OCP values
in the environmental media and
plant production were processed and
analyzed using standard software
(Microsoft Excel). Comparisons
between regions were performed
using two-tailed Student’s test for
independent samples (t-test: two-
sample assuming unequal variances).
The level of statistical significance was
estimated at p < 0.05.

Results

Data on the prevalence rates calculated
for respiratory diseases (ICD J00-J99)

Journal of Health & Pollution Vol. 11, No. 31 — September 2021
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Figure 2 — Prevalence of respiratory diseases (A) and asthma (B) cases in Lori province

from 2005-2015, per 100,000 population

and asthma (ICD J45-]J46) registered
in Lori marz from 2005 to 2015 are
presented in Figure 2. A dynamic
decrease in the respiratory disease
was observed in Spitak area over

the years (R*=0.94). In Stepanavan
and Tashir, no significant changes in
the rate of respiratory diseases were
observed. A decrease in the rate of
asthma was registered in Stepanavan
(R?=0.77), from 159.3 in 2005 down to
63.7 in 2015. Meanwhile, no changes
in asthma rates were observed in the
Spitak (R?=0.78) and Tashir (R*=0.64)
areas.

The ACh for the respiratory diseases
calculated for Spitak decreased by
31.6%, while in Stepanavan and Tashir,
it increased by 3.95% and 23.5%,
respectively. The ACh calculated for
asthma cases in Spitak, Stepanavan
and Tashir areas (Lori province)
decreased by 6.7%, 25.6% and 8.95%,
respectively (Figure 3).

The following pattern of prevalence

rates was observed in Gegharkunik
province (Figure 4). A tendency

for dynamic increase in respiratory
diseases was observed in the Sevan
area over the study period: from
5166.4 in 2005 up to 8238.6 in 2015
(R?=0.60). In the Gavar area there
was a small increasing tendency.

A decrease in prevalence rates for
respiratory diseases was recorded

in Martuni (R?=0.24) and Vardenis
(R?=0.61) over the study period:
from 10667.9 and 5795.3 in 2005
down to 3899.9 and 2450.8 in 2015,
respectively. For asthma rates a
dynamic growth trend was observed in
the Gavar area: from 74.0 in 2005 up
to 150.0 in 2015. In the Martuni and
Vardenis areas, a downward trend was
observed: decreasing from 406.3 and
178.8 in 2005 down to 56.2 and 104.0
in 2015, respectively.

The ACh for respiratory diseases
registered in Gegharkunik province
increased in Sevan and Gavar areas
by 20.9% and 14.2%, respectively,
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while in Martuni and Vardenis areas
these indices decreased by 32.7% and
60.6%, respectively. The data obtained
for asthma cases once again showed
an increasing tendency recorded in
Sevan and Gavar by 9.4% and 174.6%
and a downward trend in Martuni and
Vardenis areas of 56.5% and 50.0%,
respectively (Figure 2).

The residues of certain OCPs were
measured in soil and plant products
sampled in the study areas and the
average AATC of OCPs (HCH +

DDT + DDE + DDD) was calculated
(Table 1). The results of the analysis of
environmental status in Gegharkunik
province found that the AATC of
OCPs in the soil sampled in the
Martuni area was 4.99 + 0.47 pg/kg,
while in the Vardenis and Sevan/Gavar
areas these levels were significantly
higher: 9.48 + 1.11 pg/kg and 8.10 +
1.05 ug/kg, p = 0.001 and p = 0.02,
respectively. The AATC of OCPs in
plant products of Sevan/Gavar: 2.23 +
0.11 pg/kg was also relatively higher

Kirakosyan et al
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disease associated with environmental

Province/area OCPs in soil, OCPs in plant quality, was recorded in Sevan and
ug/kg products, pg/kg Gavar areas (Gegharkunik province),
Lori | Spitak 73 0.82 of 9.4% and 174.6%, respectively.
In Spitak, Stepanavan, Tashir (Lori
Stepanavan 4.63 1.75* province), Martuni and Vardenis
Tashir 6.28 1.3% (Gegharkunik province), the ACh rates
calculated for asthma decreased by
Gegharkunik | Sevan-Gavar ~ 8.1** 2.23%* 6.7%, 25.6%, 8.95% and 56.5%, 50.0%,
M . 4.99 1.78 respectively.
Vardenis 9.48** 1.7 A comparative analysis of the AATC

Note:

Abbreviation: OCPs- Organochlorine pesticides

*differences statistically significant for Spitak, p = 0.0002-0.0003;
**differences statistically significant for Martuni, p = 0.001-0.02.

Table 1 —Organochlorine Pesticides in Soil and Plant Products of

Lori and Gegharkunik

in comparison with the Vardenis and
Martuni areas: 1.70 + 0.25 pg/kg and
1.78 £ 0.15 pg/kg, respectively, with
statistical significance (p = 0.06 and p
=0.02, respectively).

For Lori province, a relatively high
AATC for OCPs was found in soil
samples from the Spitak area: 7.30 +
1.20 pg/kg compared to Tashir: 6.28 +
0.38 pg/kg (p=0.05) and Stepanavan
areas 4.63 + 0.48 pg/kg. The AATC of
OCPs in plant products of the Spitak
area was 0.82 £ 0.07 pg/kg. In Tashir
and Stepanavan areas these levels were
1.30 £ 0.09 pg/kg and 1.75 £ 0.19 pg/
kg, respectively, which was statistically
different from Spitak: p = 0.0002 and p
=0.0003, respectively (Table 1).

Comparison of the AATC of OCPs in
plant products in the studied provinces
showed that the recorded values in
Gegharkunik province (1.83+0.13
ug/kg) were statistically higher than

in Lori (1.31£0.09 ug/kg, p = 0.001 -
0.0000). The actual levels of certain
OCPs (HCH, DDT, DDE, and DDD)

determined in the environmental
matrices and plant products sampled
in the study areas did not exceed the
standards established for these objects
by the decision of the Customs Union
Commission at the Eurasian Economic
Commission.**

Discussion

A comprehensive analysis of the ACh
for all respiratory diseases was carried
out. The ACh dynamics, recorded
from 2005 to 2015, showed growth

in the following areas: Stepanavan
(3.95%) and Tashir (23.5%), Sevan
(20.9%) and Gavar (14.2%). In Spitak,
Martuni, and Vardenis areas the ACI
decreased by 31.6%, 32.7%, and 60.6%,
respectively.

An analysis of asthma prevalence rates
in studied areas found that the highest
values of the ACh were recorded

in Gegharkunik province. In the
dynamics of the studied years (2005-
2015), growth in the ACh of asthma
cases, which is considered to be a

Journal of Health & Pollution Vol. 11, No. 31 — September 2021

of OCPs in soil and plant agricultural
products and the ACI calculated for
the studied areas was applied to study
the possible association between
environmental contamination by
OCPs and respiratory health. It

was shown that the AATC of OCPs
recorded in soil sampled in Sevan/
Gavar and Vardenis (Gegharkunik)
were relatively high, and statistically
higher values in plant products were
also recorded in Sevan/Gavar. These
findings were accompanied with an
increased prevalence of respiratory
disease and asthma cases in Sevan/
Gavar (Gegharkunik province). The
AATC of OCPs determined in soil and
samples of plant products were lower
in Lori compared to Gegharkunik
province and asthma prevalence rates
were decreased for all studied areas in
Lori province.

Exposure to pesticides may cause

a wide range of acute or chronic
(long-term) health effects. Prolonged
exposures to low levels of pesticides,
especially persistent ones, are
considered a risk factor for developing
asthma, exacerbating a previous
asthmatic condition or even triggering
asthma attacks by increasing bronchial
hyper-responsiveness.“*>

Modern lifestyles result in ubiquitous
daily exposures to a combination of
environmental factors and mixtures
of EDCs such as pesticides (e.g.
DDT, DDE), herbicides, plasticizers,
persistent organic pollutants (POPs),

Kirakosyan et al
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etc. that can accumulate in tissues and
fluids.*® Experimental studies have
shown that a variety of pesticides such
as DDT/DDE, aldrin, dieldrin, etc.
can interact with endocrine system
components during critical periods

of development and produce an
equally varied spectrum of adverse
developmental effects such as altered
social skills, decreased intelligence,
and reproductive difficulties or
failures.”” Recent studies have found
that EDCs not only affect reproductive
and developmental health, endocrine
function, but also adversely affect
immune system function.“*%* It has
been shown that EDCs exposure
induces dysfunction of the immune
system, which, in turn, has detrimental
effects on metabolic health resulting
in environmentally-induced diabetes
and obesity. Endocrine disrupting
chemicals can also change gene
expression and epigenetic marks in
the tissues where they accumulate and
may act in a synergic way.*®

Our findings may be in partial
agreement with studies addressing
adverse effects of pesticides on health.
There are no populations completely
unexposed to pesticides. The general
population is exposed through
pesticide residues present in food,
water, indoor and outdoor air, soil

and house dust, among other routes.
Pesticide exposure is linked to diseases
including cancer, hormone disruption,
problems with reproduction and fetal
development, asthma, allergies, and
hypersensitivity. 5>’

It is difficult to compare pesticide
levels between occupational and
environmental studies. Studies
indicate increased health risks

with occupational and accidental
exposure to pesticides, including some
respiratory diseases/symptoms.>°

It is well known that among
agrochemicals, OCPs are the most

Kirakosyan et al

dangerous due to their persistency
and highly lipophilic features.
These compounds can be detected
throughout the world in sediments
and in the food chain. Humans are
primarily exposed through diet.
Even very low concentrations of
pesticides and OCPs circulating in
the environment and detected in
agricultural products might have
adverse effects on human health
manifesting in different forms, the
development of chronic respiratory
diseases, and the increasing risk of
asthma development.**#+5°5* Taking
into account the existing practice
of pesticide use and the results of
the present study, we may assume
that OCPs found in soil and plant
products could be associated to some
extent with the observed pattern of
respiratory morbidity.

There were some limitations to the
present study. First, beyond chemical
contamination of the environment
with OCPs, other environmental
factors such as air pollution with
particulate matter and other
chemicals, climate change factors
and allergens, etc., could also play a
role in respiratory disease dynamics.
Furthermore, a more detailed
analysis should take into account
characteristics of the population such
as age structure, smoking, and obesity,
etc.

Conclusions

The present study was carried out
to study the levels of OCPs in soil
and plant products in two areas in
Armenia, Lori and Gegharkunik,

to determine possible connections
with respiratory diseases and
asthma. The results showed that the
ACh calculated for asthma tended
to increase in Sevan and Gavar
(Gegharkunik province). Alongside
these findings, in Gegharkunik
province the highest levels of AATC

Organochlorine Pesticides in Armenia

of studied OCPs were found in the
soil samples from the Vardenis and
Sevan/Gavar areas. These findings
differed significantly from those
recorded in Lori province, namely

in the Stepanavan and Tashir areas

(p = 0.01-0.0007). In plant products
sampled from the Gegharkunik
province, the AATC of OCPs was also
significantly higher in comparison
with Lori province (p = 0.001). To the
best of our knowledge, our research

is one of the few studies to analyze
possible links between environmental
exposure by organochlorine pesticides
and respiratory diseases and asthma,
particularly in Armenia.

Findings obtained on OCPs detected
in different matrices and agricultural
products sampled from studied areas
in Armenia suggest a relationship to
increased incidence of respiratory
diseases and asthma. In Armenia, the
health risks presented by endocrine-
disrupting chemicals is of keen
interest for specialists. The detection
of DDT and HCH residues are
evidence of their circulation in the
environment. In Armenia, OCPs were
commonly used in the past but have
been removed from the market due
to environmental and human health
risks. Since the 1970s, the application
of OCPs in the Republic of Armenia
has been strictly prohibited.

Organochlorine pesticide residues
detected in environmental matrices
and plant products reflect the general
practice of pesticide application in
Armenia. This practice often does not
comply with accepted guidelines due
to lack of awareness among farmers
on banned pesticides and possible
adverse effects of pesticides. Active
campaigns that educate and raise
awareness among farmers about health
and environmental risks are needed
to mitigate the current situation by
changing behavioral stereotypes and
attitudes towards pesticides while
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promoting individual and community
health.

A further comprehensive analysis

will require epidemiological studies
using questionnaires and interviews,
starting at the community level.

The present study was conducted

at the regional level and based on
official medical reports represents

a first step for identifying possible
associations between OCPs in
Armenia and respiratory diseases.
Further research is needed to study
OCPs contamination dynamics and
clarify their role in morbidity patterns,
particularly with regard to respiratory
morbidity.

Acknowledgments

The authors are grateful to Zadig
Ounanian for assisting with
proofreading of this article. This study
was funded as part of employment.

Copyright Policy

This is an Open Access article
distributed in accordance with
Creative Commons Attribution
License (http://creativecommons.org/
licenses/by/3.0/).

References

1. World Health Organization. Bousquet J,
Khaltaevm NG. (Eds). Global Surveillance,
Prevention and Control of Chronic Respiratory
Diseases: A Comprehensive Approach. 2007. Accessed
[2019 December 26]. Available from: http://www.who.
int/gard/publications/ GARD_Manual/en/

2. World Health Organization. Chronic respiratory
diseases. Overview [Internet]. 2021. Accessed [2021
February 10]. Available from: https://www.who.int/
health-topics/chronic-respiratory-diseases#tab=tab_1
3. Forum of International Respiratory Societies.

The Global Impact of Respiratory Disease. Second

ed. Sheffield. European Respiratory Society. 2017.
Accessed [2019 December 26]. Available from: https://
www.who.int/gard/publications/The_Global_Impact_
of_Respiratory_Disease.pdf

4. Gauderman WJ, Avol E, Gilliland F, Vora H,
Thomas D, Berhane K, et al. The effect of air pollution
on lung development from 10 to 18 years of age.

N Engl ] Med. 2004; 351: 1057-1067. https://doi.
org/10.1056/NEJMo0a040610

5. Green FHY, Pinkerton KE. Environmental
Determinants of Lung Aging (Chapter 27). In:
Harding R, Pinkerton KE, Plopper CG. (Eds.). The
Lung: Development, Aging and the Environment. 2™
ed. London: Elsevier Enc. 2014; 471-491. https://doi.
org/10.1016/B978-0-12-799941-8.00027-4

6. McConnell R, Berhane K, Gilliland F, London
SJ, Vora H, Avol E, et al. Air Pollution and Bronchitic
Symptoms in Southern California Children with
Asthma. Environ Health Perspect. 1999; 107(9): 757-
760. https://doi.org/10.1289/ehp.99107757

7. Sichletidis L, Tsiotsios I, Gavriilidis A, Chloros
D, Gioulekas D, Kottakis I, et al. The effects of
environmental pollution on the respiratory system

of children in western Macedonia, Greece. ] Investig
Allergol Clin Immunol. 2005; 15(2): 117-123. http://
www.jiaci.org/issues/voll5issue02/6.pdf

8. Rakhmanin YuA, Novikov SM, Shashina TA,
Ivanov SI, Avaliani AL, Bushtueva KA, et al. (Eds.)
Human Health Risk Assessment from Environmental
Chemicals (P 2.1.10.1920-04). 2004. Accessed

[2020 September 2] Moscow: Federal Center for

State Sanitary and Epidemiological Supervision

of the Ministry of Health of Russia (published in
Russian) Available from: http://www.gostrf.com/
normadata/1/4293853/4293853015.pdf

9. Raherison C, Baldi I, Pouquet M, Berteaud E,
Moesch C, Bouvier G, et al. Pesticides Exposure by
Air in Vineyard Rural Area and Respiratory Health in
Children: A pilot study. Environ Res. 2019; 169: 189-
195. https://doi.org/10.1016/j.envres.2018.11.002

10. Mostafalou S, Abdollahi M. Pesticides: an update
of human exposure and toxicity. Arch Toxicol. 2017;
91(2): 549-599. https://doi.org/10.1007/500204-016-
1849-x

11. Shankar A, Dubey A, Saini D, Singh M, Prasad
CP, Roy Sh, et al. Environmental and occupational
determinants of lung cancer. Transl Lung Cancer Res.
2019; 8 (Suppl 1): S31-549. https://doi.org/10.21037/
tlcr.2019.03.05

12. Crinnion WJ. Do environmental toxicants
contribute to allergy and asthma? Altern Med

Rev. 2012; 7(1): 6-18. https://doi.org/10.1056/

Journal of Health & Pollution Vol. 11, No. 31 — September 2021

Research

NEJMoa040610

13. Beyond Pesticides. Asthma, children and
pesticides. 2004. Accessed [2020 January 16] Available
from https://www.beyondpesticides.org/assets/media/
documents/children/asthma/AsthmaBrochureCited.
pdf

14. ChaES, Lee YK, Moon EK, Kim YB, Lee Y]J,
Jeong WG, et al. Paraquat application and respiratory
health effects among South Korean farmers. Occup
Environ Med. 2012; 69: 398-403. https://doi.
org/10.1136/0oemed-2011-100244

15. Henneberger PK, Liang X, London SJ, Umbach
DM, Sandler DP, Hoppin JA. Exacerbation of
symptoms in agricultural pesticide applicators with
asthma. Int Arch Occup Environ Health. 2013; 87(4):
423-432. https://doi.org/10.1007/s00420-013-0881-x
16. Frye CA, Bo E, Calamandrei G, Calza L, Dess1'-
Fulgheri F, Fernandez M, et al. Endocrine disrupters:
a review of some sources, effects, and mechanisms of
actions on behaviour and neuroendocrine systems. J
Neuroendocrinol. 2012; 24(1): 144-159. https://doi.
org/10.1111/j.1365-2826.2011.02229.x

17. World Health Organization/United Nations
Environment Programme. State of the Science of
endocrine disrupting chemicals - 2012; 2013 Accessed
[2016 April 27]. Available from: http://www.who.int/
ceh/publications/endocrine/en/index.htm]

18. Gore AC., Crews D, Doan L, La Merrill M,
Patisaul H, Zota A. Introduction to endocrine
disrupting chemicals (EDCs): A guide for public
interest organizations and policy-makers. Endocrine
society. IPEN. December 2014. Accessed [2016
January 24] Available from: https://www.endocrine.
org > important-documents; https://www.noharm.
org/documents/introduction-endocrine-disrupting-
chemicals-edcs

19. Freire C, Koifman R]J, Sarcinelli PN, Rosa ACS,
Clapauch R, Koifman S. Association between serum
levels of organochlorine pesticides and sex hormones
in adults living in a heavily contaminated area in
Brazil. Int ] Hyg Envir Heal. 2014; 217(2-3): 370-378.
https://doi.org/10.1016/j.ijheh.2013.07.012

20. Wahlang B. Exposure to persistent organic
pollutants: impact on women’s health. Rev. Environ.
Health. 2018; 33(4): 331-348. https://doi.org/10.1515/
reveh-2018-0018

21. Ye M, Beach J, Martin JW, Senthilselvan A.
Pesticides exposure and respiratory health in general
population. Int. J. Environ. Sci. 2017; 51: 361-370.
https://doi.org/10.1016/j.jes.2016.11.012

22. Republic of Armenia: National Implementation

Plan for the Stockholm Convention on Persistent

Kirakosyan et al



Research

Organic Pollutants. Republic of Armenia: Yerevan;
2005. Accessed [2016 March 12] Available from:
http://www.pops.int/documents/implementation/nips/
submissions/NIPArmenia.pdf

23. Sunyer J, Garcia-Esteban R, Alvarez M, Guxens
M, Gon F, Basterrechea M, et al. DDE in mothers’
blood during pregnancy and lower respiratory

tract infections in their infants. Epidemiology.

20105 21 (5): 729-735. https://doi.org/10.1097/
EDE.0b013e3181e5ea96

24. Sunyer J, Torrent M, Muiioz-Ortiz L Ribas-
Fité N, Carrizo D, Grimalt J, et al. Prenatal
dichlorodiphenyldichloroethylene (DDE) and asthma
in children. Environ Health Perspect. 2005; 113(12):
1787-1790. https://doi.org/10.1289/ehp.8127

25. Karmaus, W, Kuehr J, Kruse H. Infections and
Atopic Disorders in Childhood and Organochlorine
Exposure. Arch Environ Health. 2001; 56 (6): 485-
492. https://doi.org/10.1080/00039890109602896
26. Gascon M, Vrijheid M, Martinez D, Ballester

F, Basterrechea M, Blarduni E, et al. Pre-natal
exposure to dichlorodiphenyldichloroethylene

and infant lower respiratory tract infections and
wheeze. Eur Respir J. 2012; 39: 1188-1196. https://doi.
org/10.1183/09031936.00011711

27. Gascon M, Morales E, Sunyer J, Vrijheid M.
Effects of persistent organic pollutants on the
developing respiratory and immune systems: a
systematic review. Environ Int. 2013; 52: 51-65.
https://doi.org/10.1016/j.envint.2012.11.005

28. United Nations. Stockholm convention on
persistent organic pollutants (POPs). Status

of ratification. 2001 Accessed [2016 April 18]
Available from: http://www.pops.int/Countries/
StatusofRatifications/PartiesandSignatoires/
tabid/4500/Default.aspx

29. Republic of Armenia: National Implementation
Plan for the Stockholm Convention on Persistent
Organic Pollutants in the Republic of Armenia for
2016-2020, approved by the Governmental Decision
No 49; 2016.

30. Li AML. Ecological determinants of health: food
and environment on human health. Environ Sci
Pollut Res Int. 2015; 24(10): 9002-9015. https://doi.
org/10.1007/s11356-015-5707-9

31. Tadevosyan AE. Health status and subjective
complaints of habitants of rural areas in Ararat Valley.
Medical Science of Armenia. 2007; XLVII (1): 86-8
(published in Russian).

32. Lisouza FA, Owuor PO, Lalah JO. Sources,
distribution, and risk assessment of organochlorine

pesticides in Nairobi City, Kenya. Int ] Environ

Kirakosyan et al

Sci. 20205 96: 178-185. https://doi.org/10.1016/j.
j€5.2020.04.046

33. The Demographic Handbook of Armenia-2020.
Accessed [2021 February 12] Available from: https://
www.armstat.am/file/article/demog_2020_1.pdf pdf
34. Government of Armenia and United Nations
Industrial Development Organization. National
Implementation Plan for the Stockholm Convention
on Persistent Organic Pollutants in the Republic of
Armenia during 2005-2010. Yerevan: Tigran Mets;
2005. Accessed [2017 March 22] Available from:
https://open.unido.org/api/documents/4788374/
download/(R)%20ARMENIA.%20NATIONAL%20
IMPLEMENTATION%20PLAN%20FOR%20
THE%20STOCKHOLM%20CONVENTION%20
ON%20PERSISTENT%200RGANIC%20
POLLUTANTS%20(23195.en)

35. Statistical Committee of the Republic of
Armenia. Statistical Yearbook of Armenia-2020.
Accessed [2021 February 12] Available from: https://
www.armstat.am/file/doc/99520868.pdf

36. Strategy for combating chronic obstructive
pulmonary diseases in the Republic of Armenia for
2019-2023, approved by the Governmental Decision
No 650-L on May 16, 2019 (published in Armenian).
37. Statistical Committee of the Republic of
Armenia. Marzes and Yerevan city of the Republic of
Armenia in figures, 2015-2019. 2020 Accessed [2021
February 12] Available from: https://armstat.am/
en/?nid=82&id=2324

38. World Health Organization. International
statistical classification of diseases and related health
problems (ICD-10). 10" revision, Fifth edition, 2016.
Accessed [2019 April 19]. Available from: https://
www.who.int/standards/classifications/classification-
of-diseases

39. Merkov AM, Polyakov LE. (Eds.) Sanitary
statistics. Manual for physicians. Moscow, Meditsina
Print House. 1974; 384 p. (published in Russian)

40. Interstate Standard 17.4.4.02-2017 Nature
protection. Soils. Methods for sampling and
preparation of soil for chemical, bacteriological,
helmintological analysis. Moscow: Standard in
form; 2018 (published in Russian). Accessed [2021
February 17] Available from: http://docs.cntd.ru/
document/1200158951

41. Klysenko MA, Kalinina AA, Novikova KF,
Khokholkova GA. (Eds.). Methods on Determination
of Micro-quantities of Pesticides in Foodstuff, Forage,
and Environment. Handbook. Kiiv: Kolos; 1992. 566
p. (published in Russian).

42. Eurasian Economic Commission. Uniform

Organochlorine Pesticides in Armenia

sanitary and epidemiological and hygienic
requirements for products (goods) subject to sanitary
and epidemiological supervision (control). Approved
by the decision of the Customs Union Commission
dated May 28, 2010 No. 299. Accessed [2016 March
20] Available from: http://www.eurasiancommission.
org/ru/act/texnreg/depsanmer/sanmeri/Pages/P2_299.
aspx

43. Amaral AFS. Pesticides and Asthma: Challenges
for Epidemiology. Front Public Health. 2014; 2: 6.
https://doi.org/10.3389/fpubh.2014.00006

44. Hernandez AF, Parron T, Alarcon R.

Pesticides and asthma. Curr Opin Allergy Clin
Immunol. 2011; 11: 90-96. https://doi.org/10.1097/
ACI.0b013e3283445939

45. Kim KH, Kabir E, Jahan SA. Exposure to
pesticides and the associated human health effects.
Sci Total Environ. 2017; 575: 525-535. https://doi.
org/10.1016/j.scitotenv.2016.09.009

46. Dominguez F. Phthalates and other endocrine-
disrupting chemicals: the 21st century’s plague

for reproductive health. Fertil Steril. 2019 May;
111(5): 885-886. https://doi.org/10.1016/j.
fertnstert.2019.01.029. Epub 2019 Apr 8.

47. Weiss B, Sherlita Amler S, Amler RW. Pesticides.
Pediatrics. April 2004; 113 (Suppl 3): 1030-1036.
Accessed [2021 February 19] Available from: www.
aapublications.org/news

48. Woodruft TJ. Bridging epidemiology and model
organisms to increase understanding of endocrine
disrupting chemicals and human health effects. ]
Steroid Biochem Molec Biol. 2011; 127(1-2): 108-
117. https://doi.org/10.1016/j.jsbmb.2010.11.007

49. Bansal A, Henao-Mejia J, Simmons RA. Immune
System: An Emerging Player in Mediating Effects

of Endocrine Disruptors on Metabolic Health.
Endocrinology. 2017; 159(1): 32-45. https://doi.
org/10.1210/en.2017-00882

50. Mamane A, Raherison C, Tessier JF,

Isabelle Baldi I, Bouvier G. Environmental
exposure to pesticides and respiratory health.

Eur Respir Rev. 2015; 24: 462-473. https://doi.
org/10.1183/16000617.00006114

51. Meenakshi Prabhakar S, Mittal Bhawana M,
Sharma A, Gothecha VK. A short review on how
pesticides affect human health. Int. J. Ayurvedic
Herbal Medic. 2012; 5: 935-946. http://interscience.
org.uk/v2-i5/18%20ijahm.pdf

Journal of Health & Pollution Vol. 11, No. 31 — September 2021

10



